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PURPOSE: To provide a 
technique for manufacturing a 
MOSFET device of 0.05 \im or 
smaller in size having a super 
halo doping profile, which 
provides an excellent short 
channel characteristic. 

CONSTITUTION: This technique 
utilizes a damascene gate 
process to obtain a MOSFET 
structure wherein the thickness 
of an oxide on source/drain 
regions is not related to the 
thickness of a gate oxide and a 
disposable spacer technique to 
form a super halo doping 
profile. 
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^g g^gOlfe B-ffly liofb ^ffl-SIIHS £S HSIttSS AHH-0.05^ MOSFET 

□ utoi£> xii3Esh= ?i*oi hissck 01 Moie-^as ajistte ±±/=aie! « 

Oil Mi ^mm ^te MOSFET S3| fl& CH CH 01 e (damascene-gate) g§, » ^ffl-8||gj 

#12! 01 

}|0|M ±e», B£| egxi. tf»B &OIU. 4*1*1-811 BIS ^§^1, JIOIS S 



SE late g£H°J ^ffl-oil^^ H^HFS£| £S 9>8E| (countor )§ EAIS BBEOIDL 

£ Ibte ±30%*J xH^ 21 01 B\m^m Site 0.05/zm PXfoioj ( 2 5"C01I AH£| ) A| S B{| 01 §9 l on , | off 

«|Aie 3BHH0IP. 

£ 2te ^SfM ±DII 01 A) 0IIS 2^ MOSFET ^511 0HA|» E+^£0|O. 

£ 3£ g&g ±E|IOiAH (MIS MOSFETM 0||A|& BHEOIQ. 

£ 4a LHXI 4m ^ S ^§2J Xil 1 »H£| i§ B3IMM 0IIAI& BBSOIO. 

£ 5a 9U 5bte £ XII 1 Oil AH 0|g£|te g§ B3I2I- C(E S gjg°J XII 2 Oil AH 0|g£]te 

BMi MIAIB BHEOICf. 

*£B°1 ^Q¥^0]| □ & * 

10: 12: »|0|M ±@| 

14: ME. yaii 16: XII 1 illii 

18: »EJ Egy X | 2 0: tts±m EiO\b\ 

22: egyxl ^2 ii 24: §jj Sllfl 3« 

26: XII 2 28: >il0|e § 
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32: gfg 6.^gg 34: S£|^£|g 

36: gag SDIIOIAH 38: S4:/EaiPJ §9? 

40: SS/E2II9J gg¥ 42: ^ffl-ollS^ i'g^l 



at 301 ^o/£ Jim m j motsi gavi* 

e iS€ itSIS S1EXII S3II §i M 2! XI 4. EH (MOSFET) ClblOISS X)IS8)fe gfSOII aff 2££, 

^4=& e-XHy (short-channel) ^Si HIS8|fe ' ^E)-SIISS(Super-Halo) ' Eg 5£Efii 
M0SFET C|b|0l4:§ X)IS8lfe S3CHI Iff 20|C). g gJg°l Sag 0)I2J i§S CM0S( Complementary 
Metal Oxide Semiconductor) SSItt Sg3)fe6|Dl. S4:S 33I2J M0SFET, g8l 0.05/an 01 

331 g 5>fe M0SFETS Sgg 4= 21 0. 

M0SFET ClblOIS SIS SOKHI/Hfe. M0SFET Pb)0l4:g 0.05m DIEhSS BOPI ¥18)01. BXHti S3) § 
HI3) *rffl-6IISS ES HSUfaS 0IS8KM HICHSCHOp B0I SXIEIO) &<Ch 01 SI 6 LHgg HISQI 
1997^ IS§ IE0M Ell 3 US QOISI^e 215-218^0)1 Y. Taur g0| 3H XH & 'CMOS Devices Below 0. 1^m; 
How High Will Performance Go? ' CHI ggElO) 21 CI. ^ffl-8lias ES= 4»*l SI 4=S Stf S^OIIAH DH 

9- bi-sae- Hsmgs ^sso. 01 §2^1? Eg 5§nias onaa e iaoii eaiso) 21°m. 

±30% ffly SOI SISEg 0.05m C|X)£1°| (25'C CHI AH 2| ) A!SaiO|Eg) | on /| oH £ IbOII E 

Ala CH 2!C). E laOil EA|@ b)2) SOI. 2-£i g^°l S!i!(pocket )S 3II0IM HIO)^ SB ggi 
4,^21 E3I9J S 311 21 gipM¥EH S28)feQI EMS ^fe 3)I0IJ= SI SS/Eai&i S ^ CHI XI 3 1 §19 
CI. OH^ Sg XHy SO|(<0.035^i)S HIO)SH= SCI ¥IO)B B-XHy V,fe &3| 01^2! ej bi-as 
ES HSIES^AH ?fil 4 2lCf. 

MOSFETOil AH ^ffl-olISS ES HSEISM 231 ¥15101, ?51 SSI fl8H 0|g@ S b)XI ^(budget) 
te. olISS ^011, ^ 1000*C^ 12 SB SISSSIOIOf §hCI. MOSFET C|b|0|4:°l §§A| SSHf XH 

x|3)^-SIIII0IAH(disposable-spacer) 3|#S OlgSIS 8IISS g)M&)M( implant) ^011 OlSSfe § bHXI 

tc sisae 4 21 ci. oiaie §an 3i6s amm soi aefi 4= 2ici: s&i-3Iioim 

§°l (definition) SI XH-4JS) ^, §l)g SIHI0|AH(2{ I00nm)te S£IS£IS2| ^4)011 g^BC). 0| 
*ps, 4:4:, E3IB SI 3II0|e SMB^ 4-SEI3. ¥1 01 Ol AH se& Eg SI E dl 01 S-°!( drive- 

in) O)y(1000"CS 5s SBSI 0)y)0| 4*§!SCh OICHAH, Sals SIHI0IAH3) HI3)E| 3(3SH A) , 3 01 
SOI *)Xl3)fe-4:IHI0IAHS), 4:4:21 E3IB «t§(SDE) SI 511 SS £JfiB = 3l 41SBC). S§°l SSSf( 
SI 1SS) SttfS SI4:£|31fe SB 5IISS S! SOE S§g»§i #^£13131 9I8I0I, OH^ Sg ffly Oiy 
A|0|g(1000"CS 12 A10IS)0| ^SH£!C|. 01 OH^ SfS XHS CHy AIOISS H&S ESSJ gj 

s&soii met ngnmoi 01^21 saiiahchiah ^ss ^ih-siiss es h^eiss 5>e^ sxi 

&Cf. 



me oi oimjmmt= j/^z? mm 

SEH 31601 3>fe ^fi E«l§g. mSim 4:1111 01 AH 31 DH^ gfg 3)1 01 M <yS1g(^2nm)§ Sfe AH 
S-0.05^ MOSFET ClblOI4:0ll ECU J.1l31£|fe S^'CHIAH OPISCf. CIS°1 23IAI SSSOI IKi 

4:DI|0|AHS »|3iS|3| ?|8H SSfl 3I60IIAH 0IS9CI: (1)011301. 2g DISS 01IS: E 

{= (2)«iaa. flflf? as-4§§ ohs(cde) 3i^g oiss eeioi oiis. 

4r3| OIIS III E¥fe §3131 Ei@ 4iS1S Efe ESS. ^£IS AIOI0II gfSgh OIIS £SjBS fi 
0)^X1 S&CI. 100M Efe OISCI- S (SSIg CH ESS tlSS Efe ESS MEiB) OIIS <yeigS 
4:4:21 Eaie! S^4 h 0|l IS9 2nm ^S1g°l SSS X1I3I2J0I 100nm SSIg 4:IHI0|AH« X1I318|3| ¥I6H 
SS8ICI. fer3| 3I6CHIAH ^012 OIIS d!§lig 10M SEOia. 

0I5H& SflISS E 2 SI 30IIAH S*h8l3|| gSSCI. S|8| . E2fe 4:ffll0|AH CHIS ES} gg« MOSFET =? 
5g°l 4:911 II g EAI&O. 4:4: SI EaiPJ S^^SI <ysigS 3)101 M ^S|g(^2nm)3) fig) ¥2HIS 

oi¥0)xi 2ia. oi 4is)gs as 4:4:/Eaie] si&g e3iigoii Eggici. xixui^-mms ±mo\ 

AHS fl|3)S) ^, 4:4: SI ESieJ S^^2| <^S)gOI CHI S El 01 , 4:4:/Eaiej g«g £ 3011 EA|@ 
MOSFET ?5g( 4:9)1X1) CHI A) UEfUfe S^S g>3)ISO. 

^31 g HI §011 CHSh &3)XI SHS^jg? 3)|0| ^ 6hSfg ^1HI2) ^38101 4:4: SI E3I9J S^^2| 

d3i ^3HIS e3|A|3|fe 3!Oia(0liaCH, 100nm SSIg 4:HH0IA)g 1)13)8131 ?)6HAHfe 10nm Ol^fSI <y 
SlgOl 4:4: SI Eai& S^S^CHI gfi«). OI3ig SSIg 4:ffllO|AH ^0)1 g 4^21 &34IS 0|g8| 

01 4SEJO) 4:4:/Eai2J S^^SJ 4)S1gg Bfl'S ^JHIWXI S^8)3I| @C1. gS8)3)IE, OIHff 316 
8 s^! Efe CDE 01198 fl«SH 3 OllSgg S3IAI31A) 4:4:/EaieJ S^°S¥E) gajo S g SS tfa 
S7)IX|2J £01 Sf4>S §3|A|3|3|| @C|. 

SSH2| MOSFET HIS S3 01 eg Oil blgSH. ^4=& ClblOIS E)»jy SI ff^S ClblO|4: g 

feg XHISSIfe ^ffl-SIISS ES HSEISg 3>fe AHS3 3H£!S! MOSFET ClblOI4: HIS SS HISS) XI 
^3£J S2SOI 2!C). 
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s BS2i mzns, &w-mm£. ss °snis)i m*-o.05w mosfet phioi± his aai hissi 

fedl SIP. 

s ^§21 pg ^g. ^4=& Pdiois2i efliy ^4 §y s?4S phiois 4^8 s*fe ±gsi9 

MOSFET PtilO|>i(P. 05/^2) PHIOI^) HIS ^Si HISSlfeQI SIP. 

5 SE PS AHS-0.05/*) MOSFET PblOISOII S!0)AH 01 PbfO|>:g HI2AI 0|g£lfe IS 
3\wO\ Q\\21 iiS CMOS S§ ^l#3f &S!o^l S&S 4= Slfe AH«-0.05^n> MOSFET PH10IS HIS gfS 
g HISSlfeQI SIP. 

£ ^go| £ =£Jg, SS/EaiB 9121 #£lgO| SSSI HIXEIXI SfOQj, g§ 

SS/E£ll£i S^££¥9 01 S« <^21g g^ogoj £ej e af^oj g g^(.g Offer AH 

^-0.05/™ MOSFET PH10IS HIS gJSg HISolferGI SIP. g^°5?EI 01 SS/=2)IB 

¥12] <L^g g^ogoj £a e ^^o| ^xi&o^Mi, AhSfg S«2| 01ISSOI g^BXI a 

H. 01 CHI (DP S ^g2| 0)IS£|31IOId°M E 30)1 £AI@ H121 S>g ^SgOl §43X1 SfferP. 

43|e!- ^331 PS §! §§fg, CH0)£!-:>1I0|M (damascene-gate) 51^01 SS/ESliB S^^f2| 

<i^g2| ^JIPF 5)101 M_£h^go| Af 3 gj fe MOSFET HISAI OlgSIDI, XH Xl 3>hg-SIII| 01 

AH ZM^OI =kffl-o||gJM ES HSE1SJ2I 1S§ ¥I5H OlgSlfer gg 51l§g OlgSlOi S IfgOUH 

m 4= sip. 

451 ?gSHs g &S2| ^gg, 

(a) 5IB2I 3B40II S4B 5)|0|M ^e<(stack) —451 5)I0|M Sejg 451 3MB2I 451 SS4 

oil 114a nHH t^gta 45i hhei <^sigs4oii hi 1 isnii s s*fer 

Hissifer e:ni2h 

(b) 45| ^Sgfll 3CHE 81U2I S£l S£!!xl — 45| *!CHE 81P2) g£| Egyxi S^S 451 511 
0IM S§i ^ 451 5IB2J. SJ^Oll S4§— g gg§)fe B5(|£h 

(c) 451 30)E 81P2I S£| §2*0)1 <^alg P0|b)(| iner)S §l481fef £+3)121, 

(d) feOI ^!CHE 8FP2I MP MgOxl S^Oll ^giixl S3 §i§ S5!Shfe 

(e) J\&0\\ m eJSBM(well implant) g£8^ &H\91, 

(f) &^l 5)I0|M ^ej2| 6,^1 HI 1 lagg^Oil HI 2 iS§§§ ISSffe 3?)I^AH, M 1 §sfg 
§a 8D\ HI 2 SSfgS2| S^Mfe ^^ShOI 0|g LH¥0)| §g§ ?)|0|g ge?o) =5)|£f ^ii^og = 

(q) hi 1 si hi 2 mmmmmou w\^. mm m&ma m\ ran ^sfg#^oiiAH sxiAisife bsi 

2f. 

(h) ^l»2| SJifg tgAI^AH ?)|0|e g0)|A)2| 4^1 UDE. i[ai§i XHI^HSF^ B3il2f. 

(i) UD\ 5I&2I 4^1 tea ¥M^f2| ?)|0IM S0)l ifS ttsimm g,'S iflliiS 3nm 5 
i= 0ISP gfS ^B)l» 5>g— g SSShte Eh3ll2f. 

(j) 4,01 5)|OIM BOH SP^PSg §a§lfe B?ll2h 

(k) SP^'£IS2! *^§§ tgAIIJ 4= 4^1 HI 1 9i HI 2 221g#gg HI^Sl^ B3ll2f, 

(i) feoi g£i4!PS2i m^mm n ^¥ sea &jhi ^siAi^ife e^ia, 

(m) g£l^£IS2| feOI ^^g^Oll gsfg ^IHIOIAHgg g^Slfe e?il5y, 

(n) 4^1 ^i»o)i ^ Eaiej gs?g — si g«ig 5* se^ n 01^21 ai^^is 

2i 1000'C SEfe Zl 0I^2| CHy§! S£i 0|g§101 Sf^SHI— g USSlfe B?1I21. V 
(0) 40| Hag ^IHIOIAHgg Hl^Slfe B3II. % 

(p) feOI ^IB0)l ±^/Hai£J *f§¥5 S! o\\mS. Si&i S^g —4,^1 511 gJMg+S 1 
2 Sfe D. 0IS12I AI^^ISB 10001C flEte 3 01812) SS01IAH CHygSlOl S^afg— g i^Slfe & 
31IS 

6 &9J2I HI 1 &^2| ejo|°| ^AIOIIOIIAH, S^/Eiai£J Sf&¥gS 4fs@ (1)3} (m) A10I01IAH § 
£9P. 40| ^A|OII0)IAHfe. SII^S &!g&MB0> E+311 (p)0)|AH S^BP. 

^asife s ^§2) hi 2 aas, 

(a) ^IB2| SB401I ISS IHIOIS — 3)|0|e 5jOj£ ^| esj hS&CHI IS 
@ ID)= <^agS31 451 HHE <i^gS40)l ISB HI 1 SSlgSg g §>fe ?5i§ HIS81 

B?ll2t. 

(b) &OI ^?5g0|| 2j 0)E 81U2I M£| — 43I 2!0)E 8)P2j M£| eg}!x| S^g feO| ?|| 
0IM ^S! SI 45 1 5IB2) gJ¥0)| igi- g §48)fe B?ll£f. 

(c) 45I ?ZO\S. 8tU2| S£l MS!xl g«0|| ^slg P0ILHB S481fe B3)l£f. 
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(d) feOI 30IE 8|U2| 9£l S9x| gejOH S£]xl o S §ig gjjS^ B3H9. 

(e) &oi 319011 si g§&!§ §^i§ issfe B3H9, 

(f) 40| Mg!xl §ii SBsfSlfe B3H9. 

(q) «3i hi 1 usigsg ai^sia, hj\ he ^sfgs&oun §xiai3I9 B3iia, 

(h) 4.0 1 HH = 9Slg#&OII HI 2 gtfgS — &3| HI 2 IMSS *^S)01 3 LH¥0|| 1^1 3H0IS 
S32I JFJH9 ^1?2£ ga9 ^M\m § HS8I9 B31I9, 

(i) HI 2 SslgSOH 3II0IM I§ ggolEI, ME 9SgS&0HAH SXIAI3I9 B31I9. 
(j) &3I 31921 g¥§ ESAISAH £)3I 3H0IM S0IIAH2I HHE ^SfSSS HI3H8I9 BJflSt. 

(k) 401 31921 £131 ti@ ¥9^2) &3I 7II0IM SOII gfg &BSS — 6K?| £?S tfBSSS 3nm E 

9 oificf as ¥jhi§ a§— s gssfb B3ii9. 

(I) &3I 3H0IM SOII S£l9£l9g j§£!SI9 B3II9, 

(m) &3| M£I9£I92| ^if ESAia 4= 21SB 4f3| HI 2 ISiii HI3H8I9 B3H9. 

(n) feOI g£|*J£|92J tii! ^^ii 3 &►¥ Hff^ 9&AI3I9 B3II9. 

(o) &3| M£I9£I92| UD\ 9SI9 m^mUOW Eslm ^QIOIAISS H&8I9 B3H9, 

(p) &3I 2IB0II ±± a EBH&i ge<§ — &3| ±± a E5II9 g^Ii 52= 99 3 0l4 h 2| A|^3|§ 
9 1000X) E9 3 0I&2I 0)y§! SEB OlgSId SS2(g- g ISSIfe B3||2f, 

(q) &3| SSfg ^niOI/HSS HI 3) 619 B3H, a 

(r) &3| 3I90II ±2/Eeil£J s§?§ §y SIISS SS99 — oflas S899 g^iS 1 

2 E9 3 0|8|2| Al^3|g9 1000'C Efe 3 0|8|2| SEOHAH 0)aS8|0) ft^alS— S 1IS8I9 B 
TUB 

9 Sg2| HI 2 Sas| g°|2) ^AIOIIOIIAH, ±>;/Eeil2J ^i¥§§ 9311 (n)HI- (o) AIOI0IIAH g 

fe'AIOtlOirAH, B31I (r)S 8081B Si&§ S^2| IS B31l9g 2BffO. 

9 ^§§ ^ in -ail as Eg =sEia, ¥4=9 pdhoi^si &xna a §?&9 ciuioi^ 

AH^-0. 05^i2| M0SFETS HI3&8I9 SSi HISSfffl, 01 61011 9 ag2| 0)|§£|9HO|9g 4*99 ESi § 
£8101 Q| ^ All 81 gg99. « aS 2| 0US£|3H0I9S 4=99 ESOHAH a»U a/SEfe CHgSlfe 4: XI 

is as sseis3i gois siss ^ysHot sa. 

S aS 21 HI 1 if a Oil AH OISS D\S 5i B3IISS OIIAIB £ 4a LH XI 4m0ll CH& Sil &C|. B8I . 
E 4a LHXI 4mS S aS2| XII 1 gfgf 0|g8|01 S^l 4= 8|L|2| MOSFET C|b|0l>i2| B 

SEOIP. 

£ 4afe B aS 2| 93|| (a) Oil AH ig§ £31 ?5§§ EAI&Cf. 01 £31 3|B(10) a 3II0I 

ir ^^(12)S 31IO|e ^ajg 319(10)2) fiB^OII Si0 2 US MS <^aSS(14) a 

01 IIHH ^BSB^OII Hge Si 3 N 4 as ^S|gS(16)§ S&&P. B aS2J £aM0| 23H2J §i§§ 
m 5SS 3II0IM ^e«s £A|8|3 2JXIB. 0| 3H0IS £& ^3|2jei §i§§§ 4=£ S5 

P. S aS2) ES0IIAH2) ftlAIOHOII 210UH, SS1SS(16)S S£l egOxIS §S| AlOil 0I§£I3, D1£IAH 
^3| §§ OIIS B3II0II °| 8H HI 31 SOI =?Zm°\ 311 01 = g«g £§AI3I3, BHE ilSISig §SI 

Sg2| HI3H ^011 3192) a¥&OII fef3||9P. 

HH£ 9SfBS(14)S 3|g2| M S§ g§§ OlgSIOI 319(10)2) HB^OII 1S£|3IU, £fe CH9SS 

hh= m§§8 a^2i 3i^ gsKcvo). §£i^oi - cvo, r^niEis, sa a 012)21 $?ai& 
g§ as 31^2) gaf g§§ S6H m^m 4= 21x19. ois §§011 egsxit sta. nn= <i^g§ 
21 ^wife aasixi9. si 9 311 011 ah m&m oigsi^ 3)iois ^§ aa ^mziot mo. a 9 

HUH 9SIS#S ef 8 LHXI Sf 20nm2| ^DIIM 3>feC|. 

aS)gg(16)0| 93||Elfe9, 0| SS 0I#2| SHIAHOIIAH SS9 HUE 9SfgS2| §^£f as g§§ S 
»§ SXI9 3|g2) §8} Hi! 0IS8I0I IIHE 9SfgB(14)2| SS^fOII ggilD. §S}gS2| ^3»l 
4= 24X19, IIHE 95fg acife ^7H9iO\ Sm , OI^IAH ^31 ISfggS ^31 DDE 9a|g ¥1 
Oil SaaCh 8J9SISS. 9 aSOIIAH, 3)|0|e ^H|(12)S| SS)g#(16)S Sf 50 LHXI Sf 200nm2| ^ 
MIS §>feCL 

9 ag OH AH 0|g39 3I9S ^£19 IS 9EHI g§OI LH¥0H 9HI8I9 i§2) 3|g 9EHI 3l9a 

4 21CL 9 aSOIIAH 0|gg 4- 219 3|92) OHSAH Si. Ge, SiGe, GaP. InAs. InP a ES QS 

ni/v mmm 9ehis E&a 4= 21x19. 01 g 011 &§axi9 a^ci. 31 9s se si/siGe as «g 

9EHIS Ol^Oia 4 2JO-. 3I&S HI SB ±S8I9 CI d|0|^0|| QJ9AH n-9& 99 p-9aES OI^P 
CH§ 4 21 CI. 3I9S 3X19 gg 3|^g 0|g8IO| 3|9 ¥I0H E9 319 LH CHI CIS 9 a/ 

E9 9£l g^i S&a 4= 2iCf. 9 a SOU AH 0|g£l9 b|gS|9 3I9ES9 Si 81 01 HI 14 Si 01 2lCf. 

319(10)^011 31IOIS ^a«(12)g M&m m, 8IU2) 9£l 9a!xl(E9. 94=2) 9£l M9x|g)(18)3| E 
4aCHI EAI9 ?5gOII ISSCI. 9£l ^S!!xl9 aifgg(16), DHE 9S)gS(14) a 319(10)2) |¥ 

5 9S8IOI l^aa. 9£l S9xl(18)9 3I92J £|^3£|E| a 0HS(9s^-OIS OIIS(RIE). §92 
9 0H§. OIS a OIIS a 0|2|2J SAF9 E90| OHS gg)i OlgSIOI SSEIffl. 0I51S E 4b0|| EAI 
90) 99. 9 aS2| fef3| 93H0HAH S^S S£l MS!x| S^S SIS ; ?5g2| aS M?!!xl 9£| §« 
25 99. E90II EAI9X|fe &9XI9, £I4:39EI B3H9 3199 ESaiXI^S gj ^sj^og 
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A)*! (anti-reflective) 2|§ OlgSlteai, 0ISS E% g£| SS!!x|3) ^SgOII iSE! ^Oil X)|3)aCh 
0|*. Oliaai Si0 2 StS 6}3IS £)0|LH(20)3) ^ S§!!xia *b* Si 3|X)¥B £1°J£16)Ei| S£l S£!xl 

s^(i8)o)i aaao. &sts sioms s.mm e 4coo eaiboi siew, e 4cte se» ea 

seuxis sasm aeae ^oti isg ?5i§ ssea. e 4coji EAia wa boi. ysg £ioi 

Life DDE <y£f§£| 41 ¥ HS§ (I1£) §§ 841811!, CEIOAH. te£l S§!!xia Sxll 3|X)¥te 31 

»(io)ss¥Ei saiaa. 

£)0|LH(20)te 01^21 g All A) 0)1 A) gga HUE 2£lgS(14)a 84!Aia &S ii§ SSS £g 
°J 3IS gSf Ete g ^§ i§§ OlgSrOi 1SSQ. airg £)0|LH(20)a ¥JHIte OI2!g 841AI 0| 

safe is 7i*oi D>£r esstt 4= suib, ass £foiLi°i aiysiei h$d= ar 5nm mxi ^ 

20nmOICL 

sis urn aoi. e 4c e& «a sai a (18)011 seyxi g§i(22)g sasm s§a& # is 

a OHAiehQ. «8I, S£| = 2!xia 3|X)¥3) ttag £)0|b)(20)S £)2JS)a ^ . S2!xl $?a 

g§!(22)S §SfgS(16)°i S3 ?l£) S£l SgDxl g^(18) Ml CHI S41SO-. S it 9 0)1 A) Olgate S 
2 g§8 CVD SI S£12Dr-S^ CVOS S8& 315 Hi S&81XIB, 01 g g§0|| &§ 

axite SteP. te SfgSI 413| B31I0)|AH 0|gg 4= Site =ia& S2!xl #2 iiS 315 £?2 

ill 59SD. S 5D9 0)1 AH Olgg 4= Site 8^¥ ^IIS Saixl »S mm Si OjlSAHte, HI M S-h 0)1 ^ 
2£^£|?)|O| = (TE0S). Si0 2 , S§S SI OI2ISJ ^A)El ^2 gift S8S)XIB. 01 g BfiOII 

eaaat ato. teosj) saixi ^a ggSAi oigas, a^ei zs^sr eapi s&a son ois 
a 4- ao. 

E 4c Oil EAia ?5fi g^AI Olgate SBS1 g§S s\sy-?\D\\™ g£|g(CMP) SI 3£l°JSg sg 

ei g-axigooi gxia ^sa 315 sasi 3i*g sssixib. oig 31^011 eisaxite ateci. 

DSOII. E 4d0)l EAia b)a DO| , 1! °Jg£rS §3(24)01 5JS 91 g§^§§ ggflt 4- Site 

§-axigo)i3)i sua 3isa ejge+aioid sn oigsioi 3i»oii 84iac). 01 gjg&Eiioia i§° 

S 3151 UIOII P-U, N-H Ete P- SI N-U 2¥I SSi 4= SICK a ginife oi sieii 

»SSfAli! 4 s Site }|^oS Slia 7|ga Oiyg §§§ OlgSrOi mgsi&Cc. 

H gg^§§ 8 XII 2 §SfgS(26)0| 3II0IM ^^°J SSfgSg 8^A| 0|g£lte 331 
S>|14 Ete CIS 31521 §*r iSi OlgSfOI 3)101= ^Bj(12)2| §£1g#( 16)^0)1 ISaffl. OI2S 
E 4e0il EAiaCH SIC). 3)|0IM ^Bj(12)2| 012°) §!Sfg§°l ^3HI£1 SttS 4131 SSIgSS) ^Mte 
?5g0)l 31l^oHAH SSS CHgorte 3)101^ g«oj = W |2) ^|^2£ g^SICI. g, gS1gS(16. 26) 
a §Ha ¥2Hlte Sf 5nm LOU fif 200nmO|H. 10nm LHXI 150nma Bfi*S 5fEe CH br^SjSICI. 

§Sfg#(16, 26)01 3« OIS S^g SSAI Olgaft, D}£1AH 01 SSJggga S^ZHI^I 3)101= 

^gi6)te sfeoia §s!3§ ^gsiior- ma. 

e SlSa HI 1 glS OS B31lte SS1sS(16, 26)0)| 3)|0|= *(28)g 8SS)te B3)|g SSSrffl. 0I2 
£ E 4f0)| EAiaO) Sia. "SI. 0| 3)|0|= E 4f0tl EAia XIISShE^ Site 3|ga £1 

^3£1E| SI 0H3(ttSg-OIS OHS(RIE). BefSDhOHS. OIS @J 0119 SI Oiaa SA1S1 E£)0| 0)IS 
gi)i OlgSIOI E 4ea ¥2g0)| ISaO. E 4f0)| EAia U)21 ^01, 3)101= |g iSiti 3 

ssio) asaxiei dhe tisigs^oii §xi§esmi. 31101= g(28)a 3ixi¥0)i ehe {sias«( 14)21 a 
¥§ EgAi^ 4= si 311 ao. 3isa ssaixi^Mte 31101= it saAioii 01 gam. 01s si^gi ? 
oiite xii3iao. E^goi ?5§ moil sma 3iioim sbioi ggate 3°s EAiasixiei. b saiiah 

OHAHte ESI a4=a 3)101= ggOl iSi 4» Site 22S 3iaiaci. 

3)1 OIS |§ ISg s gout) 5§ Sigfl & 3)lte 3|ga OIS 4^g) SI CH^g OlgS) 

01 4=iss 4= siEO). 01 git E^te sai)go)i3)i sxiao) sic), oiae s afgsi e^ife 
a »aa e 4gon EAiaoi aism. o)3iah s^oojs lhod saa &3iixi s§ gj§§i 
g uatna. 

31101= S SI 2S)5« OJ31IXI Si &'§§)§ §S ^0)1. 3)101 M fi(28)a 31 XI ¥0)1 A) a DDE 

S(14)S asm X1ICH0II S10)AH 0H¥ d^^EJ 0)1 S ggg gSH H)3)affl, 0I2S E 4h0)l EAia 0) SI 

a. s sfsa oiaei e3«s 31101s #oiA)a 3iei(io)a esai^ 4> sia. 3iiois sa 3i 

X1¥S¥E) HHE ciSlgSs X1I31A|0)I S SSOIAH 0|gg 4= Site ePW 0H¥ bIBSie 0)1 S g§ES 
te 51 vapor phase) £1^3 ilSg 331 » S§0| SiteQI, 01 SSOIIMte HF SI NH 3 a 3|«|3) 01ISHIS 
AH Olgaffl, XHeK6millitorr Ete H Diei)0| Olgaa. 

E 4hte Etr DUE ^S)gSOI 01 01 X)|3)a 3)1 OIS §°l 3I3H¥0)I & l S 21)gS(32; 3nm Ete OISQ 
gfS ¥J)l)g SSSlte B3)|g SCXSa. gfS 2s)g0| IDE <^S)gS(14)a HI 3) § Oil EgS 3| 

edo)a sbsoii gsaa. asgs(32)oi ?sga 3iiois 6iss§ UEiai sasto. oi cisi 
iss saxigooi gxia 3isa 31101s am ggg oigsioi issci. wig goi, a&mm(32) 

g oi t 5 u)X| Sf 10 =oj Al^3| g9i, Sf 700lcmXI 2f 800-ca SEOIIAH, 0)1^01 S3| Ete ci4; ^S 
US £2)011 ¥£gOI ^OIE^ S2SM) ISI 4= SICK 3)gS BS SE Ete Ogfe 

S5E(ramp)0)IAH 411 4= SLE01 , ^3(soak) A)0|gOI Olgg 4= SIO. 4131 as 221ES 31501 

?oia»e), Ega 31101= 121 3ixh¥oii §/s ^siggg ssaioii g^si^ as ssu Aizhoi sio 

B, e SAHIAHOIIAHte OS SEU AI210I Eel ^0)g 4 Site 52£ 3IPiaa. Eg). OlEHei » tf9 

a 3idi moiiAH 3isa 3^ s 61skrto) s§§ oigg 42 ao. 

3)1 01 = g(28)21 3|XH¥0II 31I0IS 61S)g(32)S ^. 31101= IS CVD Ete M£)2D)-CV0 iMS 31 

Sa g£f i§i 01 god A) S£I^£IS(34)ES §9901, 01 S 01 ?5gS 011210) CMP i§ 3ISa S 

§i goH s&aao) iDgs(26)4ioii sxiaa. oiii3)i s&aa e 4i chi EAiao sia. 

e 4joii oiiAia te igsi xii 1 aasi a§ B3iio)i cosb, ^agg(26. 16)01 oiis s§§ oig 
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81ir 3IE°| CHCH4! Oil XI B" (etch back) S§§ gSH HI31£!a. Ol CDCHcJ OHxl^i g§°S 3II0IM g 
2|, ^ S£I^£IS(34)2| ^Ol ESB E 4j CHI EAIS ^SgOl L1E1BC1. S Sg2| 4131 B3II0IIAH 

oigss oiis s§§ 2g 2J<^ ss sfsf^i outing u^aioii 4=tsau. oi ohshioiib bsei 

Xlfe StfeCI. E£10l OIIS^B OILIEI CiB 2iaf2< 0IISHI31 EB S i^gOIIAH 0|g§ 4- 2AQ. 
§!£lg#(16, 26) S HI >l 6111 311^ SHAH S£I*1£IS(34)2| ^S«g ESAI2! CIS, g£l^£IS(34)2| 41 ¥ 

se «oh om £i s£i^£ie(34)°i tig ^^011 gnosis s 41 sit 

S£|gAIC||OI<!3(polyoxidation) B31I31 4=t!£IDl. 0I21S £ 4jOII EAISIOI SICK S£I^£IS<HI i!41£! 
#s1g ggS XHXI31S ^IHIOIAHM HI31S1- S2.» 21S13 S^£¥EH aOI2ife §£|^'£ISg MSolfe 

bci. titig gg(35)s ciag gg(32)§ s&ai oigsis 2a sihu Efe as <ysi 3i# 
g oigsioi issa. 

QSOII. HSIg ±IHI0|AH(36)1= S£I*!£IS(34)2| H41EI01, OI3SS E 4kOII EAISIOI 

SICK S W90IIAI OlgElfe §!S1g ±IIII0|AHS Si 3 N 4 SS 3IS2I 19S-i^ iiS ?4HSIXIB, 41 

3i si^oiib bseixis aisci. ^niioiAHfe gxis 31^21 g§§ oigsioi gssicn, 01^ rie 

Oil 2|6D OIISSCL S HgOIIAI OlgEIS §3i ^ffllOIAHgS xHx|3|g ^DHOIAHgBCH , □ 0|£1S 01 
SOI ^ 5i B 311 Oil AH HI3HSI3I BfflgOICI. §afg ^IHI 01 AH (36) °J SpJHIfc 01 2 § HISAIOII OlgEIS 

s*t ssoii msi sue 4 sixib, s agouAHt nwsi2£ usig ^eiioiahsi ^ihpi sf 100 ldxi 

sf 150nmO|C1. 

S£I4!£IS(34)2| ^£|§4tO|| §S1g ^DIIOIAHS ^, rfc^/EaiB gg(38)g 3|E2| 0| 

5 ^gg S6D 3IB0II H4HEII1. 0| ge?g Oiyg S§i 0|g8101 H 41SIEI SGI . 01 OH Oiyg £Efe 
2f 5S ES 3 014121 AI^3I SB Sf lOOOr ES □ 0I412| SE, ES t)H1Sjo13MS sf 10001C LHXI 
Sf 1050 - C°J SE0IC1. 1141213 ^ SI =2112! ggS S&& £ 4 1 Oil EAIEIOI 21 CI. 

CIS Oil, E 4m Oil EAIB d|2f SOI, §S|g ^EIIOIAHfe ?5g^¥EH SI3HEI2, 4:^/EaiB Sf§¥(40) 
3J ^ffl-oll^S gJSgh^(42)3| SX|@ 3|g°| g§i OlgSIOI Oil S §01, 01 g ^EJ S! 01 

ygg ? sgoii &oi s^s §^ » mgsiM o\mm 4= aa. g«g ^^s-ai oi§ei^ oiy 

SEfe 0|2°| 4^/Eai2! mgm B3II0IIAH OlgElfe 0|yi! SE fiCf ^C|. ^81, rJ^/E2|IB mS 
¥ S ^ffl-SIISS Si&Il #SSIA| OlgElfe Oiyg SEfe 2f 12 Efe Olfia SIS AI^DI SB 
^ 1000'C Efe 3 0IB5J SE. Dl? bl^S|o|3||fe Sf 9001C LHXI Sf 950-C2I SE0IC1. 

6 eSSI B3IXI gJ°|Sj2J ^AIOIIOIIAH. ^^/EBIIB ^§¥fe S£I^£I52J ESS! <^S1§! 
^ M£l£|gA|Q|Old(polyreoxidation) *«|. Z1£HL| EsiS ^IHIOIAHS HI3HSPI mm l^Sa. 

01^, E 4mOII EA|@ ?I§g SXIS, Oil 30) 1980B John Wiley and Sons fflg£|A|OIIAH R.Colclaser 
31 3D IDS! r Miro Electronics processing and Device Designj 2| SEH 10 , 266-269^011 3|gS| 
CMOS g§ B3||gg XH£|g!g 4 SICK 

S g?S2| HI 2 gtgODAH^, E 4dWXI 2S9 §i B3||3 r ^£! ^SSCf. DSWI. E 4dOII EAIS M 

eyxi ^sfli gnoi &axigoii3)ife sxieioi sife 3is°i sbsi i§§ oigmoi sbsieih. oi^ m 

1 §£lgSOI E 5aO0 EAIS ?5I§ HlgSlfe US Bi! Oil S S§§ 0|gS|0| BH= <^§fgS^XI 01 
BD^ X1l3i@C1. CISOH, E 5bOU EA|@ U[2l SOI, XII 2 ^S1gS(26)0| ^?5g2J E#9 1IDE 
*^0|| IS@a. HI 2 §2lgeS OISOII S SAHIAHOIIAH 3131 SSJ£! g§ 3|#g OlgSIOI g 

££!Ch S 4f3| ^AIOIIOIIAH HI 2 SS1gS(26)°l S^IHIfe ^§2|2S 31101^ g«oj ^of 3hfe 

^0121 SSJ6IC1. m, ADSOI gSfS HI 2 §£1gS°J ^JDIS e, k 5nm LDXI 2f 200nmOI3, OH bl^sjsi 
311 sf lOnm LDXI Sf I50nm°l ^DIIOILM. 

0|^. E 5b Oil EAI8 ?5gO| E 4f LDXI 4mO|| EA|@ 231 SOI SSSCKB. HI 2 gJSOl 0|gg 

(ID, E 4f LHXI 4m°l §S1gg(16. 26)S AH SOI ISi HI 2 121g#°SB 0I^0|§ 4= 

BC1). 



S ^SOI ^51 3 Uiesig! ^AIOI|g21 3@5|0I S01XI3 ^SEISIXIB, g ED S AH¥S!2! B (HI AH 21 
014121 3JS21 012121 BSIgOl & yg2| A|« 91 OlgSIXI at H9I UIOIIAH 0I¥0|§ 4- SIS 

g SaxigS OloDU 4= 2ig SIOID. C[1£1AH, S tSS SI OIIAie SEHU A||¥2!2! lh 

sob Hies xi S2, s^assi lhoii 4= SIE^ 2| eb soici. 



(57) gfff 

1 

4rIH-6||SiS(Super-Halo) ES HSUI^g SS AHH-0.05/^ M0SFET CIHIOI^S HISSIb g^SOII SIOI 
AH. 

(a) 3IB2J HB 41011 §419 3H0IM ^Bj (stack) —4131 311 01 e ^SjS SjOlE #31 3IB2I 4131 SB4J 
Oil MSB IIDE 61S1gS31 4131 DHE &1S1gg410|| IS@ HI 1 §S1g#g 5SS- g SS 
HISolb B 31121, 

(b) 4 h 3| ^5g(HI SJOIE 61L12I S£| Mg!!xl ge< — &OI ^OIE 61U2I S£| egyxi g^S #31 31 1 
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01 m sy #31 si¥oii s#g— s ia§fb B31121, 

(c) #31 30HE 81U2) M£l S2ixl §2*011 #S1g £10|L-1(liner)g ISSIfe B31I21, 

(d) #31 3CHE 6m2j g£l Sguxl S^OII Mg!!xl £?S i§§ §518^ B31I21, 

(e) #31 3IB0II H g!SBM(well implant) g^ii 1^6^ B3I21. 

(f) 3iioie s§!2j m 1 astse&oo hi 2 ssiggg tss^ eais/H. #31 hi 1 isi 
sin- #31 hi 2 mmmmsu §¥«ifc ^^sioi 01s lh¥oii g^n 311 01 m ^121 ^gsjo^ s 

SS, #31 IS B 311 21. 

(g) #31 HI 1 SI HI 2 iiSlgggOII 3j|0IM i§ i!S81£l #31 HHE #21gg#0IIAH SXIAI9lfc 8311 
21. 

(h) #31 315121 ^^B IniSAI^AH #31 311 01 e S0||AH2| #31 IE #21ggg HI3181fc B31I21. 

(i) #31 3IS2I #3| kiS ¥S#2| #31 311 01 M £011 gf£ #£1g§ — #31 gfg #s1g#g 3nm SE 

fc oiaci a k s ¥Wis srg— e sssi^ b 31121, 

(j) #31 m\S SOII g£l4'£ISg SSSffe B3II21. 

(k) #31 g£|£J£IS°| irgAIIJ 4= Sl£^ #31 HI 1 9i HI 2 SSIggSS HI 31 Site B31I21, 

(I) #31 g£|*J£IS2J kiS s?^gg 3 #¥ 2S31 SJHI #£1A|3|j= B31I21, 

(m) #31 S£I^£I5°1 #31 #213 ^g#0|| g£1g SffllOIAHgg §#81te B31I21, 

(n) #31 3 1 & Oil SS gJ HaiB S^S — #31 SS H ESIIB S^iS 5£ Ete 3 01 #21 Al^3|g 
B 1000'C Efer 3 0|#2| Ofyg SSS OlgolOj S#s1§ — g g#81fer B 311 21, 

(o) #31 Msim SffllOIAHgg HI 31 Site B31I , il 

(p) #3i 3 1 e on ^/Eaiei a siias gj§if§ gj^g — #31 sues g^§§ 1 

2 SEfe 3 0181°) AI^3|gB 1000TC Ete 3 0181°) SEOIIAH CHyHSIOI H#S1S— S SSolte B 
311 

g SSSIte AHM-0.05Am MOSFET P blOl >; HIS SB. 
2 

HI 1 SOU 210UH. #31 3IBS Si. Ge. SiGe, GaAs. InAs. InP S S§S BEKIgS 3121 
¥9 <MeiB ghEHl gggi A)S-0.05^ MOSFET PblOIS HIS gfg. 

3 

HI 2 HOII 2iOUH. #31 3IBS Si 31 01 01 Ete AHS-0.05/"m MOSFET PblOIS HIS SS. 
4 

HI 1 SOU SIOHAH, #3| DDE #21g#S g #§ Si Ete gsf 53011 SJ 8H SS9fe /HS-0.05*" 
MOSFET PH10IS HIS SS. 

§?S 5 

HI 4 SOU S101A1. #31 m*i SIS 518(21 3|# gsl(CVD) , S£1S01-S§3 CVD, SniPS 31 g£S 
312§¥EI £§i£lte AHM-0.05/™ MOSFET PblOIS HIS SS. 

3?S 6 

HI 1 SOU SIOHAH. #3| HUE #S1gSS Si0 2 S ?SEIte AH«-0.05^i MOSFET PblOIS HIS S3. 
S?S 7 

HI 1 SOII 21 01 AH, #3| HUE i1»SSS 2f 8nm LH XI Sf 20nm°| ^JHIg AHM-0.05,™ MOSFET PHI 
01^ HIS S3. 

S^S 8 

HI 1 SOII SlCHAi, #3| 3||0|E ABto| =sf(cVD), g£1S01-S^ CVD. S 

fflEIg SI S&S 3S°S¥P d§iB S*1 g§°S S#£lfe AHS-0.05/™ MOSFET P bl 01 S HI 

s sa. 

S¥S 9 

HI 1 SOII aiCHAH, #3| 3II0IM #3| §S1g#g Si 3 N 4 l ?SEIfe AIS-0.05/« MOSFET PblOIS 

HIS SB. 

10 

HI 1 SOII SUCH AH , #3| 3||0|e ^Qjo] a 0 | gSIMSS ^ 50nm mil Sf 200nm2| ^JHIS S>fe AHM- 
0.05/m MOSFET PtilOIS HIS SH. 
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S?S 11 

HI 1 SOII 9iO\M, 4PI S£l Egfixlfe EIS3EIEI ^ CHI S Oil £J6H S413fe AH^-0.05/an MOSFET PblOl 
S HIS KB. 

S?S 12 

HI 1 SOU 2AOUH, 4PI <ysfg £|OIUfe si S3 3141 gsf(CVO), S£|S0hS^ CVD, SfflEHg gJ 
S 312£¥EI gSf S30II 2I6H gSBb AHM-0.05/W1 MOSFET PblOIS HIS gfB. 

S^PS 13 

401 e3ii (d)fe 401 Meyxi ga e*f si sea e3ii§ sssib ahh-o.os/m mosfet pwoi 

S HIS SB. 
14 

HI 1 SOU SlOiAH, 4f3| MSIXI S3 gi8 E||M£|CHII!£S^E|9||0IM(tetraethylorthosil icate), Si0 2 
» S§S &S}SS£ ^419 Z3g°S¥EH SSfllSJ AHS-0.05^ MOSFET ClblOIS HIS KB. 

a?» 15 

HI 1 SOII 91CH AH , 4*3| (e)fe OIS ^gj » Oiyg Etfl* SSSIfe AHM-0.05/*i MOSFET PblOIS 

HIS SB. 

§?S 16 

HI 1 SOII SICHAH, 4f3| HI 2 SSfgS^ 3 1 4!- S*KCVD). SEISOI-S^ CVO. SfflEli! S 

S 3g°£¥EH iSJSja §*,► gg£S ig@ AH»-0.05pn MOSFET PblOIS HIS Kg. 

S^S 17 

HI 1 SOII &OIAH, &3| 7JI0I ^ §° El^HEHU Si Oil 3 Oil £ISH &3>| B3|| (g)0||AH g4HEIfe AH«-0.05 
MOSFET Dl blhOI ^ HIS gfS. 

D^S 18 

HI 1 SOU SI 01 AH , 4.01 1IH= ^sfSSS 3l4Kvapor phase) 2IS3 HI31 S3 Oil °ISH &3| 311 01 

M i£¥E| HIXEIffl, 01 BH HF S! NH 3 °I 3IHI3I 0|g£|fe AHS-0.05/™ MOSFET PblOIS HIS SB . 

§^S 19 

HI 1 SOII SICHAH, S3| gfS Mfg 311 01 M tfS S3 Oil £|§H §4J3fe AHM-0.05/*n MOSFET PblOIS 
HIS SB. 

H¥S 20 

S3| B34I (j)fc e«f U S&Sf B31IS SSSIfe AH J=<-0 . 05-"m MOSFET PblOIS HIS KB. 
S¥S 21 

HI 1 SOII SiOIAH, S3I Isliifg SIS 5 ! Oil SI XII — S3I SW^ OIISHIfe HI3UI0II 0H¥ 6! 

ej^SJ— 3| OlSSIfe CHCH6! Oil XI ^(damascene etch back) SSCHI °J5H HI3i£|fe AHS-0.05/^ MOSFET 
PblOIS HIS KB. 

3?S 22 

HI 1 SOII SICHAH, 4f3| Ssfg SIHIOIAHSS SIS 5 ! 3l4f S^(CVD), g£ISDHS^ CVD, SBiEHg SI 
§°J£ ^459 3I°S¥E| ^ajg ggoil SI8H A|M-0.05^» MOSFET PblOIS HIS K 

B. 

S^S 23 

HI 1 SOII £i01AH. S3| mmm SQIOI/HSS £M Oil 8 33011 2|8H Hl^Sfe AHJeL-0.05/*h MOSFET Pbl 
OIS HIS KB. 

m=?m 24 

HI 1 SOII 21CHAH, 4t3| 3I&CHI S§ gi&I g^M — 4 f 3| S3 g§&§ g^fg &3|| (g)2f (h) 
AIOIOIIAH mg&— m S41§lfe B3«S CH SSSIfe AH^!-0.05y™ MOSFET PbhOIS HIS KB. 

S^S 25 

HI 1 SOII £101 AH . 4f3| SS/HaiEJ SfS¥SS B3|| (|)2f (m) AIOIOIIAH §^EI2. B3|| (p)0||AHfe § 
413X1 8fte AH^-0.05/™ MOSFET PblOIS HIS KB. 

m=?m 26 

^ffl-o||§J£ EI HSEI^S AHH-0.05/an MOSFET PblOISB HlSSIb KB CHI SICHAH, 

(a) 3I&2I Se4fO|| 3)101^ SSj(stack) — 4 h 3l 3||0|M iS|g 2J0IS 4h3| 4^1 SS4 h 
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oil iss due ttsismib 43i hue £iag§4oii isa hi 1 gsigsg sgg- g s>t ?5§§ 

HlgSlfe 331121. 

(b) 43i ^sgoii siche sm°i sai Mgyxi —4,01 ^oie siusi sai saixi s^g 431 n 

OIM >-sj qj At 5| }| S o| gjvoil S ISSffe 33121. 

(c) 431 30IE S|U°| «£| eg!!xl g^OII 4S1g BhOI Li ( I iner )S 14615= 331121, 

(d) 431 2ioi£ sm°i ea gaixi s st oil msoxi §i§ sasife 331121, 

(e) 40I 313011 a Sigfi g^ii SSShfe 33(121, 

(f) 431 egyxi £?S §1§ S321Slfe 331121, 

(0) 431 Jell 1 §21S#e HIIH8I2I. 431 HUE 4S1g#40||AH §IIA|3|fe 331121, 

(h) 431 miE 4sigS4oii si 2 sass — 431 m 2 iiiiis *^8km 3 m¥oii m^m 31101 = 
s^sj ^121 ^§5!£§ mmm ^mm dim— m S48i;= eaia. 

(1) 431 HI 2 §!£1g§0|| 3U0|g g§ §^S|£|, 4?l ME 4S1gS4CH|AH §X|A|3|fe 331121, 

(j) 431 31321 gJ¥S E^AI 3UH 431 3II0IM SOIIAH°l 431 HUE &StS8S HCHSIfe 331121, 

(k) 4131 3I3°| 431 *9&2| 431 3U0IM SOU 8JS 421SS —431 & fc g ^SlggS 3nm E 

te 0IMC1 gfg ¥2HIS S>S— g §45|fer 331121. 

(I) 431 3H0IS SOU g£l^d|gg SSSIfe 331121, 

(m) 431 S£l*JdlS°l s^gg ESAIfJ 4= SIE^ 431 HI 2 HSISgg HOIolfe 331121, 

(n) 43i sai^eissj tts ^*§§ n 23:01 &wi tfsiAisife 331121, 

(0) 431 S£I6J£IS2J 43| 4213 ^g40il gSlg ^IHIOIAIgg 1481fe 33)121. 

(p) 431 3130)1 ±± m E9I3 S^g —431 ±± % E3I3 g^sg 52 Efe 3 01421 A|^3|g 
3 1000-C Efe 3 0I42I Oiyg g£§ 0ISS101 S4S1§— S S4Slfe 331121. 

(q) 431 ilslg ^ffllOIAHgg HI 3161}= 33||, Si 

(r) 431 313011 4^/E£||3 *1S¥M SJ g§&! S^g —431 SHi£ S^gg 1 

2 Efe 3 0I8I2J A|^3| = 3 1000'C Efe 3 0ISI2I s £0 ||AH OlUgShOl H421U — g §451fe 3 
311 

S SSShfe AHH-0. 05^m MOSFET ClblOl^ HIS . 

27 

HI 26 SOU SIOIAH, 43| i^/Eai2J t§¥ig 33|| (n)21 (o) A|0|0||AH 3311 (r)OIIAHfe 

S42IXI Sfte AIS-0.05/™ MOSFET CltlKDI^ HIS gJS. 
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